e f f e c t of electrochemical a d s o r p t i o n and photodoping on t h e o p t i c a l t r a n s m i t t a n c e is presented. The atomic c o n c e n t r a t i o n depth p r o f i l e s of Ag-sensitized amorphous Ge and Ge Se f i l m s have been established. The chemical state of A P %~ ?Id5associated chemical changes i n t h e chalcogenide brought about by photo and electrochemical doping processes have been i d e n t i f i e d . Some d e t a i l s of the b u i l t -i n columnar s t r u c t u r e and s t r e s s e s i n obliquely deposited f i l m s have been revealed by t h e p r e s e n t study.
I n t r o d u c t i o n : I t h a s been w e l l e s t a b l i s h e d t h a t t h e chalcogenide g l a s s e s on exposure t o band gap i l l u m i n a t i o n undergo various s t r u c t u r a l (1,2,3), o p t i c a l
(4-7) and electrochemical (8.9) transformations. Of a l l t h e photoinduced e f f e c t s reported i n thd l i t e r a t u r e (1-9) the photoinduced d i f f u s i o n of metals i n t h e s e g l a s s e s has been widely recognised due t o i t s p o t e n t i a l a p p l i c a t i o n s i n t h e f i e l d of imaging technology. The photoinduced d i f f u s i o n of t h e adsorbed metals i n t o the chalcogenide g l a s s e s i s a c h a r a c t e r i s t i c phenomenon caused by p h o t o e x c i t a t i o n (10). The electrochemical doping and o t h e r r e l a t e d phenomena i n n o m a l and o b l i q u e l y deposited amorphous Ge Se films have been e x t e n s i v e l y studied i n o u r l a b o r a t o r y by Sin& e t a 3 (3571-14) and it has been e s t a b l i s h e d t h a t oblique deposition enhances the electrochemical doping. Though t h e k i n e t i c s of t h e electrochemical adsorption process have been s t u d i e d by some workers (15) i n t e r n s of t h e changes i n r e s i s t i v i t y and transmission, t h e photo and electrochemical doping processes have not been explained i n d e t a i l . F u r t h e r , t h e d i s t r i b u t i o n of t h e metal, i n t h e volume of the f i l m and i t s chemical s t a t e a r e f a r from c l e a r . Our p r e s e n t s t u d i e s on photo and electrochemical doping e f f e c t i n normal and o b l i q u e l y deposited amorphous f i l m s have thrown l i g h t on the understanding of t h e fundamental Ag photo and electrochemical doping i n Ge-based chalcogenide glasses. ,-
The atomic concentration p r o f i l e s of 800 deposited Ge Se f i l n s under electrochemical and pho todoping conditions a r e sh0w8'g f P$?e 3 (a&b) .
I t is c l e a r t h a t i n the case of 800 deposited films, the amount of electrochemical adsorption/doping is about 5 t o 6 times h i g h e r than the 00 deposited f i l m s , and increases towards the film-substrate interface. Further, a s the atomic concentration of Ag increases along the depth, the Ge concentration 
goes downj Se p r o f i l e remaining i n t a c t a s t h a t f o r undoped f i l m s . On exposure Ag d i f f u s e s o u t t i l l no c o n c e n t r a t i o n g r a d i e n t of Ag e x i s t s t h r o u g h o u t t h e f i l m . The Ge p r o f i l e remains p r a c t i c a l l y unchanged and t h e Se p r o f i l e shows a s l i g h t i n c r e a s e towards t h e s u b s t r a t e a f t e r photodoping. F o r comprehensive i n t e r p r e t a t i o n and c h e m i c a l s t a t e i d e n t i f i c a t i o n Of t h e Se-Ge:Ag f il2s a f t e r photo and e l e c t r o c h e a i c a l doping, t h e e x a c t peak p o s i t i o n a s w e l l a s t h e width (F'VIIIM) of Se 3d, Ce 3d and Ag 3 d 5 l 2 1 i n e s have been tabul a t e d a l o n g w i t h t h e a v a i l a b l e s t a n d a r d s .
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Though t h e Ag peak p o s i t i o n c o i n s i d e s with t h e s t a n d a r d Ag v a l u e , Se 3d peak p o s i t i o n h a s d e c r e a s e d from 55.3 t o 54.3 eV a f t e r Ag doping. Also, t h e r e i s a
c o r r e s p o n d i n g peak s h i f t in Ge 3d from 31.6 t o 3C.65 eV. These chemical s h i f t s may be a t t r i b u t e d t o t h e p r e s e n c e of Ag2Se, Ag c l u s t e r p r e c i p i t a t i o n and o t h e r complexes l i k e Ag-Ge-Se a f t e r Ag doping. Indeed, t h e s e p h a s e s have been confirmed by o u r TEI4 s t u d i e s .
The e l e c t r o c h e m i c a l a d s o r p t i o n process, which i s a n e l e c t r o c h e m i c a l d i splacement t y p e of r e a c t i o n , i n v o l v e s o x i d a t i o n of Ge atoms by m e t a l (~g ) i o n s by charge t r a n s f e r till t h e e q u i l i b r i u m e l e c t r o c h e m i c a l p o t e n t i a l is a t t a i n e d between t h e semiconductor s u r f a c e and t i e e l e c t r o l y t e . The p r e s e n c e of GeO h a s 2 been observed by XPS a n a l y s i s f o r Ge 3d s h e l l o f amorphous Ge f i l m s b e f o r e and a f t e r e l e c t r o c h e m i c a l doping. Also, i t is t o be p o i n t e d o u t t h a t f r e e Se is r e l e a s e d when Ag r e p l c e s Ge by t h e e l e c t r o c h e m i c a l d i s p l a c e m e n t r e a c t i o n . But o n l y d u r i n g photo exposure, t h e f r e e Se d i f f u s e s towards t h e s u b s t r a t e , a s s e e n from t h e Se p r o f i l e of 80° d e p o s i t e d Ge Se f i l m s a f t e r photo doping. On e x p o s u r e t o band gap i l l u x i n a t i o n , t h e % ? & s~d 5 0 f Ag o c c u r s t o homogenize t h e Ag i n c h a l c o g e n i d e network u n t i l a n uniform p r o f i l e is a t t a i n e d forming c o z p l e x e s of t h e t y p e Ag-Ge-Se p l u s A G~S~ and Ae; c k l s t e r p r e c i p i t a t i o n .
',"he enhanced e l e c t r o c h c r~i c o l d o p i n g i n SO0 d e p o s i t e d f l l n s c a n be a t t r i b ut e d t o t h e p r e s e n c e of c o l u 3 n a r i n t e r f a c i a l r e g i o n s : r i t h a s s o c i a t e d v o i d s end d a n g l i n g bonds which a c t a s d i f f u s i o n p i p e s . The i n v e r s e p r o f l l e o f ~g ( i n c r e as i n g Ag toi.:ards t h e s u b s t r a t e ) may be due t o t h e i n f l u e n c e of t h e b u i l t -i n s t r e s s e s a t t h e f~l u -s u b s t r z t c i n t e r f a c e .
Our f u r t h e r s t u d i e s o n x e t n l d o p i n g have e s t a b l i s h e d t h a t t h e a e t a l dopint; d e c r e~s e s by 2.5 a n d 1G i n c a s e o f Cu and Xu, r e s p e c t i v e l y end i s p r a c t i c a l l y z e r o i n t h e c a s e o f A l . 
